Aims: To examine derived indices of b cell function, peripheral insulin sensitivity, and the pancreatic response to intravenous glucose loading in children with a previous history of transient neonatal diabetes currently in remission, repeated after a period of two or more years. Methods: The standard intravenous glucose tolerance test (IVGTT) was used to measure the first phase insulin response (FPIR) cumulatively at one and three minutes. In addition, fasting insulin and glucose values were used to estimate insulinogenic indices (b cell function) and QUICKI (insulin sensitivity). Patients: Six patients with known previous transient neonatal diabetes currently in remission with no exogenous insulin requirement were tested. Control data from 15 children of a similar age were available for derived fasting indices of b cell functional capacity and insulin sensitivity. Results: One child had a subnormal insulin secretory response to intravenous glucose that remained abnormal two and four years later. The other children had relatively normal or entirely normal responses over two years. Measures of b cell function and insulin sensitivity in the fasting state showed comparable results to those obtained from normal controls. Conclusions: Most children with transient neonatal diabetes in remission have no evidence of b cell dysfunction or insulin resistance in the fasting state, although they might have been expected to show subtle defects given the tendency to relapse in adolescence. Measures of insulin response to intravenous glucose loading are often normal but suggest future recurrence if profoundly abnormal.
T ransient neonatal diabetes mellitus (TNDM) is a rare condition occurring in about 1:400 000 live births. It is usually characterised by intrauterine growth retardation and the development of insulin dependent diabetes in the first week of life, which resolves within three months. 1 2 We have shown that diabetes remission is only a temporary phenomenon in most patients, with more than 60% relapsing at a median age of 14 years. 3 The relapse is characterised by a variable requirement for exogenous insulin and negative autoimmune screening, suggesting a condition unlike classical type I diabetes. 3 4 Studying two groups of patients from the United Kingdom and France, we have identified three distinct genetic rearrangements that cause TNDM. The first described was paternal uniparental isodisomy (UPD) of chromosome 6 in which two haploidentical copies of chromosome 6 are inherited from the father with no contribution from the mother. 5 In the UK cohort, UPD6 is found in about a third of cases. The second cause of TNDM is an unbalanced duplication of part of paternal chromosome 6 in the region 6q24, constituting a further third of UK cases. 6 7 With this rearrangement, children inherit a small extra segment of paternal chromosome 6, which makes them liable to neonatal diabetes. Only if this duplication comes from the father does inheritance result in diabetes, suggesting that the gene(s) is imprinted. Most recently we have shown differential methylation at a CpG site (the biological site where methylation occurs) within the critical region and adjacent to a gene, ZAC, a candidate gene for TNDM. Controls have a methylated maternal and unmethylated paternal allele, and in cases of paternal UPD6 cases there are two paternal unmethylated alleles. We have subsequently shown that about 10% of cases have a methylation pattern identical with paternal UPD6 cases in the absence of UPD. 8 The physiological basis of the remission and later relapse is largely unknown. However, the candidate overexpressed gene in TNDM-ZAC appears to regulate both cell cycle arrest and apoptosis, 9 as well as the pituitary adenylate cyclase activating polypeptide receptor type I, this polypeptide being a potent insulin secretagogue. 10 11 Consequently, a reduction in absolute b cell numbers or defect in insulin secretory capacity may underlie the clinical course. The aim of this study was to examine if subtle defects in pancreatic insulin secretion, using fasting insulin and glucose modelling and the first phase insulin response to intravenous glucose, could be identified in patients with a history of TNDM when they were in remission and whether these findings could be used to predict long term outcome and likelihood of relapse. These studies were conducted as part of the continuing clinical evaluation of the children, given the likelihood of later relapse, after informed consent was received from the parents. Our hypothesis was that, because most patients with TNDM in remission relapse in later life, we might expect to find subtle defects in pancreatic function during this period of clinical remission.
PATIENTS AND METHODS
Six patients were identified from the United Kingdom and France who had TNDM as neonates that had resolved within seven months of birth leaving the patients currently well, group.bmj.com on June 17, 2017 -Published by http://fn.bmj.com/ Downloaded from receiving no treatment, and defined by us as ''in remission''. None had pancreatic exocrine deficiency. There were four boys, and the median age was 7.5 years (range 3-11). Four were white, one had parents who originated from North Africa, and one had parents from Asia. Genetic anomalies were searched for as already described using genomic DNA of the subject and parents. 6 7 Two of the patients had UPD6, and another had a methylation imprint defect. The remaining three patients had no identifiable genetic abnormality of chromosome 6. All had normal fasting plasma glucose concentrations and age related body mass indices. The patients all had an intravenous glucose tolerance test (IVGTT) in their local hospital according to a standardised protocol. 12 They fasted from midnight on the day before and were tested at 9am in the morning. Two cannulae were positioned, one for 25% glucose administration at a dose of 0.5 g/kg (to maximum of 35 g), and the second for venous sampling. The glucose infusion was given over three minutes ¡ 15 seconds. Samples for measuring serum glucose and insulin concentrations were taken at times T25, T0, and T+1,3,5,10 minutes. First phase insulin response was calculated as the sum of T+1 and +3 minute insulin concentrations. 12 Insulin measurements were performed in a central laboratory (Paris) using a specific immunoradiometric assay with a detection limit of about 0.5 mIU/l (Bi-Insulin IRMA; Biorad-Pasteur (formerly Sanofi-Pasteur) Diagnostics). The intra-assay coefficient of variation is , 4%, and the interassay coefficient of variation is , 6.5%. The normal range for insulin response, according to age, was derived from Robert et al. 13 Fasting proinsulin was measured at T25 minutes using a previously described inhouse immunoradiometric assay. 14 15 The fasting glucose and insulin concentrations were also used to assess b cell function and insulin sensitivity to derive an insulinogenic index (for b cell function) and quantitative insulin sensitivity check index (QUICKI), which have recently been validated against hyperglycaemic and euglycaemic clamp studies in children. 16 Fifteen lean, non-diabetic children (ages 4-10) were used as controls for this analysis. They had been recruited for a study of childhood adipocyte function with approval of the local ethics committee after parental consent was obtained. Insulin sensitivity and b cell function tests were analysed between cases and controls using an unpaired t test and in cases over time using a paired t test (SPSS for windows).
RESULTS
In all cases, fasting glucose concentration was within the normal range. Compared to the controls of a similar age, children with TNDM in remission had normal b cell function with normal insulin sensitivity using the insulinogenic index and QUICKI (table 1) . In addition, in only one case was the first phase insulin response below the 5th centile for age matched historical controls (fig 1) . 13 Furthermore, repeated testing with a two year interval did not show any significant changes in terms of b cell function, insulin sensitivity, or first phase insulin responses on IVGTT. The ratios of proinsulin to insulin were normal in all the children (not shown).
DISCUSSION
In 1972, Schiff et al 17 reported the results of serial IVGTTs on a child in remission from TNDM and found entirely normal responses over a two year period. However, at least 60% (11/ 18 cases) of children in the UK TNDM cohort have relapsed at a median age of 14 years (range 4-25) as well as five of seven children over the age of 8 in the French TNDM cohort, so we expected to be able to identify subtle defects in IVGTT responses or pancreatic b cell function from within our remission group. 2 3 In one case (fig 1, dashed line) , there was evidence of a significantly reduced insulin response to intravenous glucose with a normal insulinogenic index comparative to controls, which may or may not indicate defective pancreatic function. The patient's first IVGTT at the age of 6 was abnormal with a normal oral glucose tolerance test. Contemporaneous with his second abnormal IVGTT two years later, he had developed impaired glucose tolerance on oral glucose challenge (two hour blood glucose 8 mmol/l) which worsened over a further two years (oral glucose tolerance test: two hour glucose 10.2 mmol/l) with no apparent worsening of his IVGTT.
Our results confirm the original findings of Schiff et al in identifying essentially normal endocrine pancreatic function in the remission phase. We know that the neonatal period of diabetes is notable for a lack of insulin secretion in the face of pronounced hyperglycaemia. 1 After this period, our cases seem to display normal b cell function with no evidence of insulin resistance. The question remains why do many go on to develop later diabetes. The pancreas is not a physiologically static organ, with b cells constantly undergoing degeneration and regeneration throughout life. 18 Some preliminary studies Figure 1 First phase insulin response (normal . 30 mIU/l) to intravenous glucose in the six cases of transient diabetes mellitus in remission over an interval of two years. The horizontal line represents the 5th centile from historical controls without diabetes. 13 The dashed line shows the response of the child who developed impaired glucose tolerance on the oral glucose tolerance test. IGTT, Intravenous glucose tolerance test. Values are median (range) or mean (SD). There was no significant difference between the 1st assessment and controls or between the 1st and 2nd assessments. QUICKI, Quantitative insulin sensitivity check index.
in rats suggest that many new islets are formed early after birth and a second wave of neogenesis occurs around the time of weaning. 19 If a similar process takes place in humans, it may explain the resolution of diabetes at about 3-4 months in infants with TNDM. Subsequently the normal interrelationship between replication, neogenesis, and apoptosis may become inefficient, possibly because of the long term overexpression of the ZAC gene in its role as a regulator of cell cycle arrest and apoptosis. This may then lead to the relapse of the diabetes even though b cell function had remained apparently normal during the time of remission.
We conclude that many children with TNDM in remission have seemingly normal pancreatic function and peripheral insulin sensitivity. However, altered response to intravenous glucose would appear to predict recurrence of glucose intolerance. Given that most of our cases with TNDM will probably relapse, the IVGTT and derived fasting indices as described may not be sufficiently robust and sensitive tools to evaluate the risk of later diabetes recurrence. However, we would strongly recommend long term clinical follow up of these children, with particular attention being paid to glucose homoeostasis around the time of adolescence.
